
Phytochemisby, Vol. 31, No. 11, Pp. 3845-3849, 1992 0031-9422/‘92 WJO+O.OO 
Printed in Great Britain. 0 1992 Pergamon Press Ltd 

BIOTRANSFORMATION OF TWO ENT-15/I-HYDROXY-KAUR-16-ENE 
DERIVATIVES BY GIBBERELLA FUJIKUROI 

BRAULIO M. FRAGA, MELCHOR G. HERNANDEZ and PEDRO GONZALEZ’ 

Instituto de Productos Naturales y Agrobiologia, C.S.I.C., La Laguna, 38206-Tenerife, Canary Islands, Spain; *Departamento de 
Quimica Orgiinica, Universidad de La Laguna, Tenerife, Spain 

(Received 4 February 1992) 

Key Word Index-Gibberellafujikuroi; diterpenes; ent-15/?-hydroxy-kaur-16-ene; candidiol; microbiological trans- 
formations. 

Abstract-Incubation of the fungus Gibberella fujikuroi with ent-15/I-hydroxy-kaur-16-ene gave ent-lla,l5& 
dihydroxy-kaur-16-ene, ent-7~,lla,15~-trihydroxy-kaur-l6-ene, ent-lla,l3,15~-trihydroxy-kaur-16-ene, ent-lla,15fl,19- 
trihydroxy-kaur-16-ene, and ent-1 la,l4a,l5fl-trihydroxy-kaur-l6-ene, and a mixture of products, which was resolved 
by acetylation to give ent-llcc,l4a,l5/Ltriacetoxy-kaur-16-ene and ent-7/?,158,17-triacetoxy-1 la,l6a-epoxy-kaur-16- 
ene. The addition of candidiol (ent-15b,18-dihydroxy-kaur-16-ene) gave ent-lla,l5~,18-trihydroxy-kaur-16-ene, and a 
mixture of substances, which was resolved by acetylation to give enb-11~,15~,18-triacetoxy-kaur-16-ene, ent- 
7~,11a,15/?,18-tetraacetoxy-kaur-16-ene and ent-15fi,17,18-triacetoxy-lla,l6a-epoxykaurane. These results confirm 
that the presence in ent-kaur-16-ene derivatives of a 15a-hydroxyl group inhibits oxidation at C-19 to the acid level. 
The biotransformation of these compounds may be useful for the synthesis of natural llg-hydroxy-ent-kaurene 
analogues. 

INTRODUCXON 

In previous studies, we have shown that several 15a- 
hydroxy-ent-kaurene derivatives are hydroxylated at 
C-l lfi by the fungus Gibberella&jikuroi, the presence of 
the 15a-hydroxy group inhibiting oxidation at C-19 
[l-3]. This oxidation is characteristic of the biosynthesis 
of gibberellins and kaurenolides [4]. We have now incu- 
bated G. fujikuroi with 15a-hydroxy-ent-kaur-16-ene (l), 
the least polar of the ent-kaurene derivatives hydroxyl- 
ated at C-15. We have also completed our previous work 
on the microbiological transformation of candidiol (3), 
another 15-hydroxy derivative, by this fungus, obtaining 
further information about the substrate specificity of the 
enzymes involved in the biosynthesis of gibberellins. 

RESULTS AND DIBCUBSION 

The diterpene 1 was prepared from candidiol(3), which 
had been isolated from species of the genus Side&is [S, 61 
endemic to the Canary Islands. Thus, the diacetate of 
candidiol(4) was partially hydrolysed to give the mono- 
acetates 5 and 6. Compound 5 was treated with triphenyl- 
phosphine in carbon tetrachloride to give the chloride 7. 
Hydrolysis of 7 afforded compound 8, and this was 
reduced with tri-n-butyl tin hydride to afford the required 
compound 1. The substrate 1 was also obtained starting 
from 9. Treatment of this compound with triphenylphos- 
phine-carbon tetrachloride gave the chloroderivative 10, 
which was reduced as above to afford ent-kaur-16-ene 
(11). Allylic oxidation of 11 with SeO, gave 1. The 
fermentation was carried out in the presence of AM0 
1618, a compound that inhibits the formation of ent- 
kaur-16-ene (11) without perturbing post-kaurene meta- 
bolism [7, 81. 

One of the compounds (12) obtained in the fermenta- 
tion possessed one more oxygen than the substrate 1. Its 
‘H NMR spectrum was similar to that of 1, except that a 
new hydrogen geminal to a hydroxyl group appeared in 
the spectrum at 63.89 (J = 5 Hz). The chemical shift and 
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the coupling constant of this proton were similar to those 
assigned to the hydrogen at C-l 1 in 20, which was formed 
in the incubation of 21 with G. fujikuroi [2]. Thus the 
structure ent-lla,l5,9-dihydroxy-kaur-16-ene (12) was 
assigned to the least polar compound. Its 15-epimer, 13, 
has been isolated from the liverwort Solenostoma triste 
PI. 

Another compound isolated in this incubation was 
identified as ent-7~,1la,l5/%ihydroxy-kaur-l6-ene (14) 
as follows: its ‘HNMR spectrum possessed a complex 
signal at 63.92 due to the geminal hydrogens of two 
secondary alcoholic groups. Acetylation of this product 
under the usual conditions, formed a triacetate (15). Its 
‘HNMR spectrum in chloroform-d showed one of the 
geminal protons to an acetylated hydroxyl group as a 
quartet centred at 6 4.88 with coupling constants of 7 and 
11 Hz, which is typical ofan equatorial substituent at C-l, 
C-3 or C-7. Positions 1 and 3 were excluded from a 
consideration of the “CNMR data (Table 1). In the 
‘H NMR spectrum, the geminal hydrogen to a hydroxyl 
group at C-11 appeared overlapped with one of the 
protons at C-17, and when this spectrum was run in 
benzene-d, the hydrogen at C-11 overlapped with the 
other hydrogen at C-17. Finally, in a mixture of these two 
solvents the resonance of this hydrogen could be ob- 
served as a doublet with a coupling constant of 6 Hz. This 
form of resonance and the chemical shifts of this hydro- 
gen in 14 and in its acetate 15, at 63.92 and 5.12, 
respectively, are typical of the geminal hydrogen at C-l 18 
to these two oxygen functions [l-3,9]. 

The third compound, 16, obtained in this incubation 
had the molecular formula C2,-,H3203, and possessed two 
oxygen atoms more than the substrate 1. The ‘H and 
13C NMR spectra of its triacetate 17 indicated that these 
two oxygens were introduced into the molecule as two 
new hydroxyl groups, one tertiary and the other second- 

ary. The geminal hydrogen to the secondary hydroxyl 
group appears in the ‘HNMR spectrum of 16 as a 
doublet (J = 5.5 Hz) at 64.10 and was assigned to C-l 1s 
for the same reasons as in the case of 14. The tertiary 
alcohol function was assigned to C-13 taking into consid- 
eration its facile acetylation, in comparison with other 
tertiary alcohol groups possible in this skeleton, and the 
lack of the H-13 signal and the resonance of the two 
hydrogens at C-17 in its ‘HNMR spectrum [3]. More- 
over, the “CNMR spectrum of 17 (Table 1) is in 
accordance with this structure. 

Compound 18 was also obtained in this incubation. Its 
HR mass spectrum was in accord with the formula 
C2,,H3,0,. The two new oxygens of the molecule belong 
to two secondary alcohols. The geminal protons ap- 
pearing in the ‘H NMR spectrum at 63.77 (d, J = 3.5 Hz) 
and 4.04 (br s) were assigned to C-l 1 and C-14, respect- 
ively. The chemical shifts and the form of resonance are 
typical of hydrogens geminal to a hydroxyl group at 
C-11s (see above) and C-14/I [lo]. The 13C NMR spec- 
trum of the triacetate 19 (Table 1) is also in accordance 
with the structure assigned to this compound. 

Another substance obtained in this experiment was the 
trio1 20. Its ‘HNMR spectrum showed the presence of 
two new hydroxyl groups, one primary and the other 
secondary, which were assigned to C-19 and C-11/?, 
respectively. Product 20 was identical with a compound 
formed in the microbiological transformation of ent- 
158,19-dihydroxy-kaur-16-ene (21) by G.fijikuroi [2]. 

The most polar compound isolated in this fermenta- 
tion was separated as the triacetate 23 by acetylation of 
the fractions that contained it, and subsequent chromato- 
graphy. Its ‘H NMR spectrum showed that the substrate 
had been transformed into a substance with new oxygen 
functions at C-7a, C-llfi, C-16 and C-17. The three 
acetylated hydroxyl groups were assigned to C-15/?, 

Table 1. 13C NMR spectral data of compounds 1,2,5,6,15,17,19,23,35 and 37 (50.32 MHz, except for 1 and 5 
which were measured at 20.15 MHz) 

C 1 2 5 6 15 17 19 w 35 37 

1 40.5 40.4 39.7 39.7 39.8 40.0 39.9 41.1 40.6 39.8 
2 18.7 18.6 17.9 17.7 18.4 18.5 18.4 18.4 17.7 17.5 
3 42.1 42.0 35.0 35.6 41.6 41.8 41.8 41.5 36.7’ 35.7 
4 33.2 33.3 37.3 36.3 33.3 33.5 33.4 33.9 36.8 36.5 
5 56.2 55.8 48.8 49.7 51.3 55.8 55.4 51.7 51.3 45.0 
6 19.4 19.3 18.8 19.2 26.4 19.1 19.1 26.4 17.8 26.2 
7 35.2 37.4 37.1 34.7 73.3 34.2 31.3 73.6 37.9 72.7 
8 47.7 47.4 47.1 48.8 50.1 45.8 45.8 51.8 46.3 50.1 
9 54.4 54.0 53.6 54.1 60.8 59.3 60.8 58.9 53.2 60.7 

10 39.6 39.6 39.2 39.2 38.4 38.6 38.9 36.9 37.9 39.8 
11 18.0 18.2 17.6 17.9 68.1 69.7 70.3 77.2 71.3 68.1 
12 32.8 32.9 32.7 32.6 39.6 42.7 34.0 40.5 36.8’ 39.2 
13 42.4 42 7 42.4 42.2 39.9 84.6 45.4 40.7 40.9 39.9 
14 36.4 34.7 34.1 36.2 30.7 39.7 76.2 33.1 33.0 30.7 
15 83.0 83.4 83.1 82.7 81.4 80.3 83.1 84.2 82.8 81.2 
16 160.5 155.7 155.4 160.1 154.9 153.1 149.8 88.7 156.2 156.8 
17 108.0 109.9 109.7 108.2 109.2 110.9 114.0 63.4 111.8 109.3 
18 33.6 33.8 71.9 72.7 33.3 33.7 33.7 33.4 74.2 720 
19 21.7 21.7 17.3 17.4 21.8 222 21.6 21.5 18.3 17.7 
20 17.7 17.7 17.7 18.0 17.3 17.5 16.0 18.7 19.1 17.7 

‘These values may be interchanged. 
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present in the substrate, C-7a and C-17 as follows. The 
geminal hydrogen of the acetate at C-7 appeared in this 
spectrum at a similar position and with the same coupling 
constants as in that of the triacetate 15, also described in 
this work. The presence of the gem-dimethyl group at C-4 
and the disappearance of the exocyclic double bond of the 
substrate were evident and, therefore, the acetoxymethyl- 
ene group was located at C-17. The type of resonance, a 
pair of doublets at 63.97 and 4.49, indicated that the C-16 
position was also substituted by an oxygen function. 
Finally, the presence of another oxygen function at C-l l/l 
was detected by the resonance of its geminal hydrogen 
(64.43, t) which was similar to that described by us for 27, 
also obtained by acetylation of one of the products (26) 
isolated as a biotransformation product of ent-7fl,Q% 
dihydroxykaur-16-ene [3]. Taking into consideration 
this data, the structure of this triacetate can be formulated 
as 23 or 25, and the corresponding alcohols as 22 or 24. 
The formation of a triacetate and the absence of free 
hydroxyl groups in the IR spectrum permitted the struc- 
ture 22 to be assigned to this compound, with an ether 
bridge between C-11s and C-16. 

Compound 22 must be an artefact produced in the 
treatment of the ethyl acetate extract with aqueous acid 
(see Experimental) by attack of the C-16 hydroxyl group 
of the true biotransformed substance (30). The oxirane 
ring in this product must have a-stereochemistry because 
the epoxidation of ent-kaurene derivatives occurs via the 
a-face. On the other hand, the stereochemistry at C-16 of 
the ether bridge in 22 was assigned as /I because hydroxy 
group attack to this centre is by the /I-face, also favoured 
by the opening of the a-oxirane ring. Products with an 
ether bridge between C-11 and C-16 have been obtained 
by acid treatment of 11/I-hydroxy-ent-kaur-16-ene deriv- 
atives [ll, 121. 

These results also indicated that the structure (26) 
assigned to a trio1 obtained in the microbiological trans- 
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formation described above [3] must be corrected to 28. In 
this case, the structure 31 must represent the alcohol 
produced in the biotransformation, and structure 28 the 
compound it is transformed to during the extraction 
procedure, in an analogous way to the formation of 22. 

In a previous study, we have shown that candidiol(3) is 
transformed by G. fijikuroi into ent-lla,l5/?,1&trihy- 
droxy-kaur-16-ene (32) and an unidentified compound 
[l]. We have now repeated this incubation to complete 
this study. In this way we obtained 32 again and a mixture 
of compounds which was resolved by acetylation and 
chromatography of their acetates. 

The least polar substance obtained was identified as 
ent-11/?,15/?,18-triacetoxy-kaur-16-ene (35)on the basis of 
the following: comparison of its ‘H NMR spectrum and 
that of candidiol diacetate (4) revealed the presence in 35 
of a geminal proton to a new acetoxy group at 65.10 
(m, WI,, = 22 Hz), attributable to an oxygen function at 
C-28, C-6/I or C-l la. The last position was chosen from a 
consideration of the “C NMR data (Table 1). Thus, the 
compound obtained in this feeding experiment was ent- 
lljI,15/?,18-trihydroxy-kaur-16-ene (34). 

A further compound obtained in this chromatography 
was ent-7~,1la,l5/.$18-tetraacetoxy-kaur-16-ene (37). Its 
‘HNMR spectrum was similar to that of 35, with the 
exception of a new signal assigned to the geminal proton 
to an acetoxy group at C-7a, which appeared as a double 
doublet centred at 64.85 with coupling constants of 11 
and 5 Hz. Other positions for this acetoxyl group such as 
C-la and C-3a were excluded after examination of the 
r3C NMR data (Table 1). Thus, the substance obtained in 
the biotransformation was 36. 

Finally, we obtained the triacetate 39 as the last 
product of the chromatography of the acetate mixture. Its 
HR mass spectrum was in accordance with the formula 
C&H,,O,. and the ‘HNMR spectrum showed two 
double doublets of two acetoxymethylene groups, which 
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H-15); ‘H NMR (200 MHz, C,D,): SO.58 and 0.67 (each 3H, s), 
1.76, 1.78, 1.88, 1.90 (each 3H, s), 2.53 (lH, br s, H-13), 3.58 and 
3.91 (each lH, d, J=ll Hz, H-18), 5.07 and 5.21 (each lH, s, 
H-17), 5.15 (2H, br s, H-7 and H-11), 6.26 (lH, br s, H-15); EIMS 
m/z (rel. int.): 444 [M -HOAc]+ (I), 402 (15), 384 (12), 342 (38), 
324 (12), 282 (39), 269 (16), 267 (22), 264 (12), 253 (12), 251(20), 239 
(8), 225 (9), 211 (lo), 198 (12). 

ent-l5B,17,18-Triacetoxy-lla,l6a-epoxy-kaurano (39). [Ml’ 
at m/z 462.2615. C,,H,sO, requires 462.2603; IR Y,, cm-‘: 
2930,1725,1370; ‘HNMR (200 MHz): 60.82 and 1.13 (each 3H, 
s), 2.00, 2.03 and 2.04 (each 3H, s), 3.57 and 3.80 (each lH, d, 
J=11Hz,H-18),3.96and4.51(each1H,d,J=12Hz,H-17),4.41 
(lH, t, H-11), 4.98 (lH, s, H-15); EIMS m/z (rel. int.): 462 [M]’ 
(0.2), 444 (0.7), 402 (3), 384 (2), 360 (I), 342 (lo), 329 (7), 282 (I), 269 
(9), 264 (4), 255 (3), 213 (3), 211 (4), 199 (4). 

Partial hydrolysis of candidiol diacetate (4). A soln of 4 (1 g) in 
MeOH (3 ml) was treated with 2% methanolic KOH (15 ml) and 
the mixture left at room temp. for 45 min. Usual work-up and 
chromatography with petrol-EtOAc (4: 1) as eluent afforded, 
besides starting material (290 mg), a mixture of the 18-mono- 
acetate 6 and 15a-monoacetate 5 (490 mg) and candidiol (3) 
(115 mg). 

The mixture of monoacetates was chromatographed on a dry 
column of silica gel impregnated with 15% AgNO,. Elution with 
petrol-EtOAc (4: 1) gave ent-15B-acetoxy-l&hydroxy-kaur-16- 
ene (5)(320 mg). Mp 142-144”; [M]’ at m/z 346.2505. C,,H,,O, 
requires 346.2506; ‘H NMR (250 MHz): 80.74 and 1.05 (each 3H, 
s), 2.03 (3H, s), 3.09 and 3.38 (each lH, d, J= 11 Hz, H-18), 5.07 
(lH, s, H-15), 5.09 and 5.24 (each lH, s, H-17) EIMS m/z (rel. 
int.): 346 [Ml’ (l), 331(3), 304 (5), 286 (28), 271(37), 259 (S), 256 
(31),255(91),241(15),227(7),213(9),211(7),199(9), 187(12), 185 
(18), 175 (ll), 173 (33), 161 (18), 160 (12), 159 (31), 157 (17), 149 
(16), 147 (35), 145 (37), 143 (22), 135 (31), 123 (50). Furtherelution 
afforded ent-18-acetoxy-15/?-hydroxy-kaur-16-ene (6) (170 mg); 
‘H NMR (200 MHz): 60.85 and 1.05 (each 3H, s), 2.05 (3H, s), 
3.62 and 3.87 (each lH, d, J= 11 Hz, H-18), 3.81 (lH, s, H-15), 
5.06 and 5.20 (each lH, s, H-17). 

ent-15/?-Acetoxy-18-chloro-kaur-16-ene (7). To the monoacet- 
ate 5 (320 mg) in dry pyridine (6 ml) and Ccl, (30 ml), triphenyl- 
phosphine (560 mg) was added and the mixture refluxed for 4 hr. 
Extraction with EtOAc in the usual way and chromatography of 
the residue, eluting with petrol-EtOAc (19: 1) afforded 7; 
‘H NMR (80 MHz): 6 0.87 and 1.05 (each 3H, s), 2.03 (3H, s), 3.18 
and 3.43 (each lH, d, J= 11 Hz, H-18), 5.09 (lH, br s, H-15), 5.09 
and 5.25 (each lH, s, H-17). 

Hydrolysis of compound 7. The monoacetate 7 (330 mg) in 
MeOH was treated with methanolic KOH (5%) (10 ml) at room 
temp. and left overnight. Usual work-up gave em-15ghydroxy- 
18-chloro-kaur-16-ene (8) (295 mg); mp 91-93”; [M]’ at m/z 
322.2069. C,,H,,OCl, requires 322.2062; ‘HNMR (80 MHz): 
6 0.88 and 1.05 (each 3H, s), 3.19 and 3.47 (each lH, d, J = 11 Hz, 
H-18), 3.81 (lH, br s, H-15), 5.06 and 5.19 (each lH, s, H-17); 
EIMS m/z (rel. int.): 322 [M]’ (9), 307 (18), 304 (ll), 291(13), 289 
(34), 273 (12), 266 (31), 264 (lOO), 255 (19), 249 (56), 247 WA 240 
(4), 239 (18), 225 (6), 185 (13), 183 (15). 

Reduction ofcompound 8. Compound 8 (295 mg) in dry C,H, 
(10 ml) was added dropwise to a refluxing soln of tri-n-butyl tin 
hydride (0.9 ml) and azabisisobutyronitrile (tra@ in dry C,Hs 
(7 ml). The mixture was allowed to reflux for a further 4 hr, when 
the solvent was evapd and the residue dissolved in Et,O, an aq. 
soln of KF was added and the ppt. sepd by filtration. The Et,0 
fraction was dried (NazSO,) and the solvent evapd. Chromato- 
graphy of the residue, eluting with petrol-EtOAc (19 : 1) afforded 
ent-15B-hydroxy-kaur-16-ene (1) (190 mg). Mp 109-110 
(MeOH), [M]’ at m/z 288.2499. C,,HJ,O requires 288.2452; 
‘HNMR (200 MHz): SO.81,0.86 and 1.02 (each 3H, s), 2.72 (lH, 
br s, H-13), 3.80 (lH, s, H-15), 5.06 and 5.19 (ach lH, s, H-17k 

EIMS m/z (rel. int.): 288 [M]’ (ll), 273 (33), 270 (lo), 255 (34), 
230(37),215(22),213(13),205(9),203(7),189(9),177(9),173(11), 
163 (12). 

ent-19-Chloro-kaur-16-ene (10). Treatment of ent-19- 
hydroxy-kaur-16-ene (9) (350 mg) in dry pyridine (7 ml) and 
CCld (30 ml) with triphenylphosphine (550 mg) at reflux for 6 hr 
gave, in the same way as above for 5, compound 10 (290 mg); mp 
75-77”; [M]+ at m/z 308.2127. C2,H,,C13’ requires 308.2082; 
[M]’ at m/z 306.2112. C,,H31C13S requires 306.2113; ‘HNMR 
(80 MHz): 6 1.03 (6H, s), 3.38 and 3.87 (each lH, d, J= 11 Hz, 
H-19), 4.79 (2H, br s, H-17); EIMS m/z (rel. int.): 308 [Ml+ (6), 
306 [M]’ (IS), 293 (14), 291(43), 265 (lo), 263 (26), 257 (50), 249 
(9), 247 (21), 227 (8), 203 (4), 201 (6), 189 (3), 187 (lo), 173 (9), 171 
(17), 161 (15), 159 (23). 

Reduction ofcompound 10. Compound 10 (290 mg) was treated 
with tri-n-butyl tin hydride in the same way as above for 8 to give 
ent-kaur-lbene (11) (188 mg); ‘H NMR (200 MHz): 60.81, 0.85 
and 1.02 (each 3H, s), 2.64 (lH, br s, H-13), 4.73 and 4.79 (each 
lH, s, H-17); EIMS m/z (rel. int.): 272 [M]’ (21), 257 (70), 229 
(34), 213 (19), 203 (7), 201 (lo), 187 (19). 

AIIylic oxidation of compound 11. Compound 11 (185 mg) in 
dioxane (5 ml) was treated with SeO, (45 mg) and H,O (3 ml) for 
7 hr at room temp. The soln was poured into Hz0 and extracted 
with EtOAc in the usual way. Chromatography of the residue 
gave ent-15/?-hydroxykaur-16-ene (1) (102 mg). 
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